We consider in this paper the homogeneous 1-D wave equation defined on ⊂ R. Using the Hilbert Uniqueness Method, one may define, for each subset ω ⊂ , the exact control v ω of minimal L 2 (ω × (0, T ))-norm which drives to rest the system at a time T > 0 large enough. We address the question of the optimal position of ω which minimizes the functional J : ω → v ω L 2 (ω×(0,T )) . We express the shape derivative of J as an integral on ∂ω × (0, T ) independently of any adjoint solution. This expression leads to a descent direction for J and permits to define a gradient algorithm efficiently initialized by the topological derivative associated with J . The numerical approximation of the problem is discussed and numerical experiments are presented in the framework of the level set approach. We also investigate the wellposedness of the problem by considering a relaxed formulation.
Introduction-problem statement
Let us consider a bounded domain ∈ R and a subset ω ⊂ of positive Lebesgue measure |ω| which may be composed of a finite number of disjoints components. In the context of the exact controllability for the 1-D homogeneous wave equation, the following result is well-known ([12] , Theorem 2.6, p. 423): for any time T > T ( \ω) (which depends on the diameter of \ω) and any initial data (y 0 , y 
satisfies
y t denotes the derivative of y with respect to t and X ω ∈ L ∞ ( , {0, 1}) denotes the characteristic function of the subset ω. The control problem formulated above is usually referred to as internal (or distributed) controllability problem. The controllability property may be obtained using the Hilbert Uniqueness Method (HUM) introduced by Lions in [12] , which reduces the problem to an optimal control one. Precisely, the unique control v ω of minimal L 2 -norm (refereed as the HUM control in the sequel) may be obtained by minimizing the functional J :
where · , · H −1 ,H 1 0 denotes the duality product between H −1 ( ) and H 1 0 ( ) and φ the solution of the adjoint homogeneous system
This provides the following characterization of the HUM-control (see [12] , Chap. 7).
Theorem 1.1 Given any ω ∈ , T > T ( \ω) and (y
If φ is the corresponding solution of (4) with initial data (φ 0 , φ 1 ), then v = −φX ω is the control of (1) with minimal L 2 -norm.
This result is based on the following observation or observability inequality (leading to the coercivity of J in L 2 ( ) × H −1 ( )): there exists a constant C T ,ω > 0 function of T and ω (called the observability constant) such that
for all (φ 0 , φ 1 ) ∈ L 2 ( ) × H −1 ( ). Therefore, from a practical viewpoint, ω being fixed, such a control is determined by solving the linear problem
